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Abstract: Vegetation plays significant role in ecology and is limited to their ecological optimum. Vegetation 
composition is function of changing habitat conditions along the soil gradients. Soil gradients affect distribution, 
growth and composition of vegetation within space and time. The vegetation data of Mughal Garden Wah was 
collected along with soil samples for determining impact of soil parameters on plants growth and survival. A total of 50 
quadrat each measuring 1×1 square meter were applied for vegetation sampling. The soils at a depth of 5-15cm were 
also collected from the study area. The ordination, CCA biplot and its sub-technique t-value biplot were established to 
determine correlation between identified species and environmental parameters. The T-value bi-plot of organic matter 
(O.M) revealed that Ziziphus nummularia, Adiantum capillus-veneris, Sisymbrium irio and Solanum nigrum were 
strongly correlated with it. There was strong relationship of the most abundant species such as Cannabis sativa, Oxalis 
corniculata, Cynodon dactylon and Digitaria setigera; while there was negative relationship with infrequent 
speciesviz., Anagallis arvensis and Acacia modesta with soil variables was determined by data attribute plot. This study 
will help in conservation of indigenous and rare flora and reclamation of study area by recommending adaptable 
species.  
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Introduction 
Plant species occurs in specific habitat having specific 
characteristics known as environmental gradients. 
These environmental gradients explain how different 
vegetation distributes in space and time (Zhou, 2012). 
Soil and vegetation, product of same environmental 
variables, are interrelated and have effects on each 
other. Vegetation plays meaningful role in soil 
formation through rocks degradation and influence soil 
structure, composition, texture etc by providing 
protective cover, preventing soil erosion and 
maintaining soil nutrient level through litter addition. 
Moreover, soil gives support by providing medium for 
plant growth, anchorage to plants, moisture, nutrients 
and organic matter, thus enables plants to grow 
effectively (Eni et al., 2011). With the increasing 
human population, anthropogenic activities and 
expansion of economic activities, vegetation 
degradation is increasing, thus resulting into 
desertification of arid and semi lands (Inyang and 
Daniels, 2011). Due to interrelation between 
vegetation and soil, vegetation loss is resulting in 
tremendous effects on soil like soil erosion, loss of 
micro biota, nutrient loss, exposure of topsoil that can 
wash away or blown away by wind along with 
nutrients (Lindenmayer and Burgman, 2005). 
Therefore, management and restoration of ecosystem 
should consider both soil and vegetation side by side 
(Abadin et al., 2002; Bonet, 2004). 
As a result of correlation between soil and vegetation, 
various statistical methods are employed for seeking 
relationship between them (Iwara et al., 2011). Modern 
synecological research adopted such methods which 
are used at both local and regional scale and reduces 
complexity of field data by using classification and 
ordination. The results of floristic data are then related 
with environmental data for deriving their 
interrelationship (El-Ghani and Amer, 2003). 
Canonical Correspondence Analysis (CCA) was 
introduced in 1986 for quantifying vegetation response 
to explanatory variables i.e. soil variables (Ali and 
Malik, 2010). In Ayubia National Park, South-
Southern Nigeria, Abbottabad road sides, CCA was 
used to find correlation of environmental variables 
with species abundance (Ahmad and Ain., 
2011;Ahmad et al., 2009;Iwara et al., 2011).The main 
purpose of this research was to identify soil 
characteristics which influence the spatial distribution 
and abundance of vegetation through CCA analysis.  
Study area 
The study was conducted in Mughal Garden Wah 
which lies at 33.8013° N, 72.7010° E. The garden is in 
old village of Wah closed to present garrison town of 
Wah, located 50 km of North West Islamabad, on the 
main Grand Truck Road and 2 km east of Hassan 
Abdal. The average annual temperature of area is 
21.9˚C. The average annual rainfall is 686 mm. 
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General vegetation of garden includes herbs, shrubs, 
grasses and trees like Cannabis sativa,Justicia 
adhatoda, Cynodon dactylon and Broussonetia 
papyrifera. Mughal Gardens Wah is surrounded by 
Margalla Hills whose major composition is limestone 
hard rocks. Therefore two major rocks types present in 
study area are Margalla Hill Limestone (Hard Rocks) 
and Unconsolidated Sediments (Alluvial deposits) 
(Khan, 1997). 
Materials and Methods 
Several field trips were made for the collection of wild 
plant species during the month of March and April of 
2015 when herbaceous plants were on full bloom. 
Quadrat method was applied for vegetation sampling 
with 1×1 square meter quadrates for a total 50 
quadrats. The cover value of plants was determined by 
visual estimation method called Domain Cover Scale 
(Kent and Coker, 1992). After sampling species were 
identified in herbarium of Quaid-e-Azam University, 
Islamabad. Soil samples were collected randomly from 
Wah Garden from the depth of 5-15cm. Soil features 
like topography, color, horizons and root abundance 
was also observed along with information of 
coordinates, weight and depth. After samples 
collection, soil analysis was carried out for following 
physical properties: Texture, Colour, pH, Electrical 
Conductivity (EC), Moisture, Total Dissolved Solids 
(TDS), Temperature and Organic Matter (O.M). Soil 
texture was analyzed by Octagon Digital Sieve Shaker 
followed by determination of textural classes by 
textural triangle (Robert and Frederick, 1995). Soil 
color was recorded by using Munsell Soil Color 
Charts. Soil pH, EC, TDS and temperature was 
measured by preparing solution of soil and water in 1:2 
ratios through combine portable meter (Allen, 1974). 
Nikolsky (1963) method was used for organic matter 
determination while Allen (1974) method was applied 
for soil moisture measurement.  
After species identification and soil analysis, data 
was analyzed by a multivariate technique such as 
CCA, bi-plot and data attribute plot using CANOCO 
(version 4.5) software. 
Results 
A total of 45 species were recorded in vegetation 
survey including 18 repeating species. The identified 
species belonged to 24 families and 45 genera. 
Analytical tests revealed concentration of 
environmental variables like EC, O.M, TDS, 
temperature, moisture, sand, silt, clay and pH. Also 
nominal variable i.e. soil color was observed for each 
sample. Level of EC, pH, moisture and sand vary 
greatly in soil samples shown in Table 1.  
CCA biplot 
Electrical conductivity, pH, organic matter, total 
dissolved solids, temperature, sand, silt, clay and 
moisture were selected to find relationship between 
vegetation and soil gradients. Topographic gradient 
altitude was also part of CCA analysis. The green color 
triangle in graph represents specie while red color 
arrow represents selected environmental variables. The 
arrow of O.M was longest than any other variable of 
CCA-biplot and showed correlation with first axis. 
Therefore O.M impact was greater but on few species 
likes species of Adiantum capillus-veneris while other 
species which were near to arrow head of O.M was 
Solanum nigrum, Sisymbrium irio and Ziziphus 
nummularia and they were positively influenced. 
Secondly vector of EC was also longer and correlated 
with second axis of CCA biplot had notable positive 
influence on species of Nasturtium officinale followed 
by Portulaca oleracea, Polygonum aviculare, 
Withania somnifera and Calotropis procera. Another 
important topographic variable i.e. elevation had 
significant impact on species of Cenchrus biflorus, 
Acacia modesta, Ficus carica, Poa annua, Parthenium 
hysterophorus, Broussonetia papyrifera, Oxalis 
corniculata, Capsella bursa-pastoris and Digitaria 
setigera. Altitude vector was positively correlated with 
negative end of second axis. While remaining soil 
 
Table 1 Range of values of soil variables. 
Soil Variables Minimum Value Maximum Value 
Organic matter 0.2% 0.61% 
Moisture 9.1% 32.9% 
Sand 34% 83.5% 
Silt 5.9% 38.5% 
Clay 5.23% 32.43% 
pH 5.11 7.92 
Temperature 26.1˚C 27.8˚C 
Total Dissolved Solids 170mg/l 620mg/l 
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gradient vectors were small caused insignificant 
influence on species (Fig.1). 
T-value biplot 
T-value biplot was used to reveal statistically 
significant pair-wise relationship between species and 
soil variables i.e. which specie depends on which soil 
gradient. +2 and -2 were the regression coefficient 
values which determine positive and negative response 
of species against variables. In case of t-value biplot of 
organic matter, species vectors fully falling within 
positive Van Dobben circle. Species of Ziziphus 
nummularia, Adiantum capillus-veneris, Sisymbrium 
irio and Solanum nigrum was found to be positively 
affected having regression coefficient greater than 2 
 
Fig. 1 Biplot between flora and soil parameters. 
 
 
Fig. 2 T-value biplot for species correlation to O. M. 
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thus it is established that they depend upon large 
quantity of predictor variable O.M for their vigorous 
growth. However vectors of species that fall inside 
negative Van Dobben circles had regression coefficient 
values of less than -2 and they showed inconsequential 
negative relationship with O.M because of their 
vectors large distance from environmental gradient 
negative circle. Vectors of species that  did not fall 
within positive response circle and also not in negative 
response circle were the ones which neither require 
high nor low values of O.M for their survival. By 
reason of such a large total of unaffected species it is 
deduced that O.M presence and absence acted on only 
limited number of specie (Fig. 2). 
 
 
Fig. 3 Data attribute biplot of abudant species with soil parameters.
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Data attribute plot 
In attribute plot, contour lines (black lines) have both 
positive values and negative values. Stronger 
association between soil gradients and specific species 
can be deduced from more positive values. Four 
dominant species and two rarest species were selected 
for data attribute plot. The most abundant species of 
Mughal garden Wah were Cannabis sativa, Oxalis 
corniculata, Cynodon dactylon, Digitaria setigera 
which can be evident from their attribute biplot with 
the distribution of contour lines and their positive 
values. Regular distribution of contour lines had 
indicated well scattering of species and strong 
correlation with all soil gradients as less negative value 
have shown (Fig. 3 (a) (b) (c) (d)). 
Anagallis arvensis and Acacia modesta were 
found as the rarest species of Mughal garden Wah and 
the results from attribute biplot confirmed irregular 
distribution of contour lines with large number 
negative values and fewer positive values. All soil 
gradients indicated negative correlation with Anagallis 
arvensisandAcacia modestathat is the cause behind 
their less abundance in area (Fig. 4 (a) (b)).  
Discussion 
In present study, CCA was employed for the 
evaluation of species response towards soil gradients 
like pH, O.M, TDS, moisture, temperature, sand, clay 
silt and elevation. Ali and Malik (2010) also used CCA 
to determine soil physico-chemical parameters 
influence on vegetation distribution pattern. Sub 
technique of CCA i.e. t-value biplot was conceded for 
evaluating positive and negative correlation of 
measured predictor variables. For instance only four 
species reside in positive response circle of O.M i.e. 
Ziziphus nummularia, Adiantum capillus-veneris, 
Sisymbrium irioand Solanum nigrum. Schmitt et al. 
conducted study in 2010 for determining woody 
species and climber’s response to altitude by using T-
value biplot. Species showing positive correlation were 
present in positive van dobben circle while species 
having negative correlation were present in negative 
response area. Substantial impact on plants species 
growth and distribution was recorded for O.M, EC, 
topographic variable, elevation, moisture, sand and 
temperature; while minor influence was recorded for 
clay, silt, pH, TDS. Zare et al. (2011) reported soil 
texture, salinity, O.M and soil moisture control the 
composition, abundance and distribution of species in 
arid and semi-arid environments. 
It has been observed that O.M of study area was 
less that caused significant impact on few species. Juo 
and Franluebbers (2003) reported that average amount 
of soil O.M should be 2%. Different soil factors like 
soil texture, water, structure and air play important role 
in soil O.M formation and high O.M is found in finer 
textured soil (Osman, 2012). Less O.M was reported in 
Mughal Garden Wah soil. Topographic variable i.e. 
elevation relationship with species was studied in 
present and altitude of Mughal Garden Wah range 
from 411m to 448m. This variation in altitude is 
because of adjacent Limestone Mountains. Elevation 
showed positive relationship with species in CCA 
analysis. Wazir et al. (2008) reported the influence on 
species composition due to topography of Chapursan 
valley in Pakistan and found the frequency of some 
species was decreased from valley sites to ridge top 
like Cynodon dactylon and Melilotus indica requiring 
low altitude species. Soil EC is usually related with 
soil texture, moisture and salinity. Sandy soils have 
low EC as compared to clay soils (Logsdon, 2008). EC 
of study area soil was found to be ranging from 
250µS/cm to 983µS/cm. It had significant impact on 
growth of various species. He et al. in 2007 indicated 
that EC controls distribution of vegetation in the Alxa 
region of China.  
The relationship between vegetation and soil 
gradients are because of habitat conditions, plant 
ecological needs and tolerance range. Understanding 
this relationship will help to apply these findings in 
management, reclamation and development of study 
area and will also enable to recommend adaptable 
species for study area and similar sites.  
Conclusion 
The present study established relationship between 
plants species and soil parameters. Response of species 
towards soil gradients varied from species to species as 
reflected by CCA. The dominant species were found in 
wide range of measured soil parameters values; 
however rare species were under stress and required 
specific range of soil properties for their survival.  
Hence there is need for the management of flora and 
degrading soil of Mughal Garden Wah through better 
policy and planning. 
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